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1. 

POWER COMBINER/DIVIDER 

RELATED APPLICATION 

This application claims the benefit of U.S. Provisional 
Application No. 61/536,951, filed Sep. 20, 2011, which appli 
cation is incorporated herein by reference in its entirety for all 
purposes 

BACKGROUND 

For certain applications, such as in military applications, a 
broadbandwidth is required for secure spread spectrum com 
munication and high power is required for long range. High 
power broadband communication systems require high 
power broadband antennas. Often these antennas have an 
input impedance that does not match the desired transmitter 
or receiver with which it is used. In such circumstances, 
baluns can be used to transform the impedance of the antenna 
to the impedance of the transmitter or receiver, or to convert 
between an unbalanced signal and a balanced signal. When 
large bandwidths are desired, coaxial baluns are often used. 
Various configurations of baluns are disclosed in U.S. Pat. 
Nos. 6,750,752 and 7,692,512, the disclosures of which are 
hereby incorporated by reference for all purposes. 

Simple signal sources have two terminals, a source termi 
nal and a return terminal, where most commonly a ground 
plane is used for the return path. The ground plane return 
simplifies circuit wiring, as a single conductor and the ground 
plane below form a complete signal path. The Voltage on the 
ground plane is then the reference for this signal. Often this is 
referred to as an “unbalanced circuit', or 'single-ended cir 
cuit'. In such “unbalanced circuits’ when wires cross or run 
parallel with one another, there can be undesired coupling. 
One method for reducing such coupling is to use two wires, 

one carrying the signal, the other carrying the return signal, 
with no ground plane return path. With AC signals, either wire 
can be considered to carry the signal, and the other to carry the 
return signal. To minimize coupling to other circuits, it is 
highly desired that the signal current flowing in the two wires 
be exactly the same, and 180-degrees out of phase. That is, all 
of the return current for one wire of the pair is carried by the 
other wire, and the circuit is balanced. This guarantees that no 
return current is carried by the ground plane. In practice, Such 
perfectly balanced, or differential, currents are only a theo 
retical goal. 
An amplifier that uses balanced or differential input and 

output connections is less likely to have oscillations caused 
by input and output signals coupling, and less extraneous 
noise introduced by the Surrounding circuitry. For this reason, 
practically all high gain operational amplifiers are differen 
tial. A "balun’ is a coupling device that converts an unbal 
anced source to a balanced one, and vice versa. Sometimes a 
balun is made with nearly complete isolation between the 
balanced terminals and ground. Sometimes a balun is made 
with each balanced terminal referenced to ground, but with 
equal and opposite Voltages appearing at these terminals. In 
the isolated case, the unbalanced Voltage encounters high 
impedance to ground, making unbalanced current flow diffi 
cult, while in the other, any unbalanced current encounters a 
short circuit to ground, minimizing the Voltage that enters the 
balanced circuit. Microwave baluns can be either of these 
types, or even a mixture of the two. In any case, one could 
connect 2 equal unbalanced loads to the 2 balanced terminals, 
with their ground terminals connected together to ground. 
Ideally, the unbalanced signal input to the balun would be 
equally distributed to the two unbalanced loads. Thus, a balun 
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2 
may be used as a power divider or combiner, where the two 
unbalanced loads or sources connected to the balanced ter 
minals would be operating 180-degrees out of phase. 

BRIEF SUMMARY 

In one example, a combiner/divider may comprise a circuit 
ground and five transmission lines. The first transmission line 
may include a first conductor having a first end forming a first 
unbalanced-signal port relative to the circuit ground, and a 
second conductor inductively coupled to the first conductor, 
the second conductor having a first end connected to the 
circuit ground. The second transmission line may include a 
third conductor and a fourth conductor inductively coupled to 
the third conductor, the third conductor having a first end 
connected to a second end of the first conductor and a second 
end forming a first balanced-signal port. The third transmis 
sion line may include a fifth conductor and a sixth conductor 
inductively coupled to the third conductor. The fifth conduc 
tor may have a first end connected to the second end of the first 
conductor and a second end connected to the first balanced 
signal port. The fourth transmission line may have a seventh 
conductor and an eighth conductor inductively coupled to the 
seventh conductor. The seventh conductor may have a first 
end connected to a second end of the second conductor and a 
second end forming a second balanced-signal port. The fifth 
transmission line may have a ninth conductor and a tenth 
conductor inductively coupled to the ninth conductor. The 
ninth conductor may have a first end connected to the second 
end of the second conductor and a second end connected to 
the second balanced-signal port. The fourth, sixth, eighth, and 
tenth conductors have their first ends connected together, and 
their second ends connected together. Depending on the 
application, there may be nothing attached to these connected 
first ends, and nothing attached to the connected second ends, 
or either the first ends or the second ends could be connected 
to ground, but not both as grounding both ends would short 
out the balun. Grounding the second ends forces the output of 
the balun to be voltage balanced, and is the preferred connec 
tion. 

In another example, a two-way combiner/divider may 
comprise a circuit ground and five coaxial transmission lines. 
The first coaxial transmission line may include a first center 
conductor having a first end forming a first unbalanced-signal 
port relative to the circuit ground, and a first outer conductor 
inductively coupled to the first center conductor. The first 
outer conductor may have a first end connected to the circuit 
ground. The second coaxial transmission line may include a 
second center conductor and a second outer conductor induc 
tively coupled to the second center conductor. The second 
center conductor may have a first end connected to a second 
end of the first center conductor and a second end forming a 
first balanced-signal port. The third coaxial transmission line 
may include a third center conductor and a third outer con 
ductor inductively coupled to the second center conductor. 
The third center conductor may have a first end connected to 
the second end of the first center conductor and a second end 
connected to the first balanced-signal port. The fourth coaxial 
transmission line may have a fourth center conductor and a 
fourth outer conductor inductively coupled to the fourth cen 
ter conductor. The fourth center conductor may have a first 
end connected to a second end of the first outer conductor and 
a second end forming a second balanced-signal port. The fifth 
coaxial transmission line may have a fifth center conductor 
and a fifth outer conductor inductively coupled to the fifth 
center conductor. The fifth center conductor may have a first 
end connected to the second end of the first outer conductor 
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and a second end connected to the second balanced-signal 
port. The second, third, fourth, and fifth outer conductors 
have their first ends connected together, and their second ends 
connected together. Depending on the application, there may 
be nothing attached to these connected first ends, and nothing 
attached to the connected second ends, or either the first ends 
or second ends could be connected to ground, but not both. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a diagram of an example a divider/combiner. 
FIG. 2 is a diagram of another example of a divider/com 

biner. 
FIG. 3 is a diagram of an example of a power divider/ 

combiner having coaxial transmission lines. 

DETAILED DESCRIPTION 

Referring to FIG. 1, a combiner/divider is shown generally 
at 10. A combiner/divider may also be referred to as a com 
biner/divider circuit, a divider/combiner, a divider, or a com 
biner, it being understood that signals and power may be 
conducted in either direction through them to either combine 
multiple inputs into a single output or to divide a single input 
into multiple outputs. 

Combiner/divider 10 may include a plurality of transmis 
sion lines, including a first transmission line 12, a second 
transmission line 14, a third transmission line 16, a fourth 
transmission line 18, and a fifth transmission line 20. Each 
one of these transmission lines may be constructed as one of 
various forms well known in the art. For example, a transmis 
sion line may be a coaxial transmission line, twisted pair, strip 
line, coplanar waveguide, slot line, or microStrip line. What 
ever the form, each transmission line may include a pair of 
electrically spaced apart, inductively coupled conductors that 
conduct or transmit a signal defined by a Voltage difference 
between the conductors. 

Transmission line 12 may include a first conductor 24 and 
a second conductor 26. A first end of first conductor 24 may be 
connected to or forman unbalanced port 28. Each port may be 
a place where characteristics of combiner/divider 10 may be 
defined, whether accessible or not. A corresponding first end 
of second conductor 26 may be connected to a circuit ground 
30. Transmission line 12 may be a balun 32, having balanced 
signals on respective second ends of conductors 24 and 26. 
Transmission line 12 further may be wrapped on or pass 
through a ferrite core or sleeve 34. 

Second transmission line 14 may include a third conductor 
36 and a fourth conductor 38 that are inductively coupled 
together. A first end of third conductor 36 may have a first end 
connected to the second end of first conductor 24, as shown. 
A second end of conductor 36 forms or is connected to a first 
balanced-signal port 40. 

In this example, third transmission line 16 includes a fifth 
conductor 42 and a sixth conductor 44 that are inductively 
coupled together. The fifth conductor has a first end con 
nected to the second end of first conductor 24, and thereby to 
the first end of the third conductor. A second end of conductor 
42 is also connected to first balanced-signal port 40 and 
thereby to conductor 36 since the signals on conductors 36 
and 42 are in phase. The respective ends of conductors 38 and 
44 may be connected together. Further, either of the ends of 
conductors 38 and 44 may be connected to circuit ground 30. 
FIG. 1 shows that the ends proximate to port 40 may be 
connected to circuit ground. 

Fourth transmission line 18 may have a seventh conductor 
46 and an eighth conductor 48 inductively coupled together. 
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4 
The seventh conductor may have a first end connected to a 
second end of second conductor 26 and a second end may 
form or be connected to a second balanced-signal port 50. 

Fifth transmission line 20 in this example has a ninth con 
ductor 52 that is inductively coupled to a tenth conductor 54. 
A first end of the ninth conductor may be connected to the 
second end of second conductor 26, and a second end may be 
connected to second balanced-signal port 50, and thereby to 
conductor 46 since the signals on conductors 46 and 52 are in 
phase. The respective ends of conductors 48 and 54 may be 
connected together. Further, either of the ends of conductors 
48 and 54 may be connected to circuit ground 30. In this 
example, the respective ends of conductors 38, 44, 48, and 54 
may be connected together, as shown. 
One or more of transmission lines 14, 16, 18, and 20 may 

pass through or be coiled around a ferrite core or sleeve 56. In 
this example, all four transmission lines 14, 16, 18, and 20 
may pass through ferrite sleeve 56. 

It is seen that second and third transmission lines 14 and 16 
are connected in parallel between first conductor 24 of trans 
mission line 12 and port 40, and fourth and fifth transmission 
lines 18 and 20 are connected in parallel between second 
conductor 26 of transmission line 12 and port 50. If the five 
transmission lines are all 50-ohm (R) lines, then the parallel 
combination of transmission lines 14 and 16 appears as a 
25-ohm (R/2) impedance on first conductor 24 of transmis 
sion line 12, and the parallel combination of transmission 
lines 18 and 20 appears as a 25-ohm (R/2) impedance on 
second conductor 26. The result is that the two parallel com 
binations of transmission lines, each having an impedance of 
25 ohms (R/2), provide a series impedance of 50 ohms (R/2+ 
R/2) across the second ends of conductors 24 and 26 of 
transmission line 12. Conducting a signal over plural lines 
spreads out loss that would otherwise be dissipated by a single 
transmission line and allows for increased power to be carried 
by the combination of transmission lines. 
A variation of combiner/divider 10 is shown as a combiner/ 

divider 60 in FIG. 2. Elements of combiner/divider 60 that 
may be the same as those of combiner/divider 10 are shown 
with the same reference numbers, and the description with 
reference to combiner/divider 10 applies. Combiner/divider 
60 varies from combiner/divider 10 in that instead of having 
separate conductors 38 and 44, a combined conductor 62 is 
inductively coupled to conductors 36 and 42, forming second 
and third transmission lines 64 and 66. Similarly, a combined 
conductor 68 is inductively coupled to conductors 46 and 52. 
forming fourth and fifth transmission lines 70 and 72. The 
respective ends of combined conductors 62 and 68 are con 
nected together, and the ends of conductors 62 and 68 proxi 
mate to ports 40 and 50 are also connected to circuit ground 
30. Otherwise, combiner/divider 60 functions like and is 
more compact than combiner/divider 10 discussed above. 

Referring to FIG.3, a combiner/divider shown generally at 
80 may be an example of a combiner/divider 10 or a com 
biner/divider 60. Combiner/divider 80 may include a plural 
ity of coaxial transmission lines, including a first coaxial 
transmission line 82, a second coaxial transmission line 84, a 
third coaxial transmission line 86, a fourth coaxial transmis 
sion line 88, and a fifth coaxial transmission line 90. 

Coaxial transmission line 82 may include a first center 
conductor 94 and a first shield or outer conductor 96. A first 
end of first center conductor 94 may be connected to or form 
an unbalanced port 98. A corresponding first end of first outer 
conductor 96 may be connected to a circuit ground 100. 
Coaxial transmission line 82 may be a balun 102 having 
balanced signals on respective second ends of conductors 94 
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and 96. Coaxial transmission line 82 further may be wrapped 
on or pass through a ferrite core or sleeve 104. 

Second coaxial transmission line 84 may include a second 
center conductor 106 and a second outer conductor 108 that 
are inductively coupled together. A first end of second center 
conductor 106 may have a first end connected to the second 
end of first center conductor 94, as shown. A second end of 
conductor 106 forms or is connected to a first balanced-signal 
port 110. 

In this example, third coaxial transmission line 86 includes 
a third center conductor 112 and a third outer conductor 114 
that are inductively coupled together. The third center con 
ductor has a first end connected to the second end of first 
center conductor 94, and thereby to the first end of the second 
center conductor. A second end of conductor 112 is also 
connected to first balanced-signal port 110, and thereby to 
conductor 106 since the signals on conductors 106 and 112 
are in phase. The respective ends of conductors 108 and 114 
may be connected together. Further, the ends of conductors 
108 and 114 proximate to port 110 may be connected to 
circuit ground 100. 

Fourth coaxial transmission line 88 may have a fourth 
centerconductor 116 and a fourth outer conductor 118 induc 
tively coupled together. The fourth center conductor may 
have a first end connected to a second end of first outer 
conductor 96 and a second end may form or be connected to 
a second balanced-signal port 120. 

Fifth coaxial transmission line90 in this example has a fifth 
center conductor 122 that is inductively coupled to a fifth 
outer conductor 124. A first end of the fifth center conductor 
may be connected to the second end of first outer conductor 
96, and a second end may be connected to second balanced 
signal port 120, and thereby to conductor 116 since the sig 
nals on conductors 116 and 122 are in phase. The respective 
ends of conductors 118 and 124 may be connected together. 
Further, the ends of conductors 118 and 124 proximate to port 
120 may be connected to circuit ground 100 or the ends of 
conductors 118 and 124 distal from port 120 may be con 
nected to circuit ground. In this example, the respective ends 
of conductors 108, 114, 118, and 124 may be connected 
together, as shown. If convenient, the outer conductors of the 
second, third, fourth and fifth coaxial transmission lines may 
be connected together over their entire lengths. 
One or more of coaxial transmission lines 84, 86, 88, and 

90 may pass through or be coiled around a ferrite core or 
sleeve 126. In this example, all four coaxial transmission lines 
84, 86, 88, and 90 may pass through ferrite sleeve 126. 
As with combiner/divider 10, second and third coaxial 

transmission lines 84 and 86 are connected in parallel 
between first conductor 94 of coaxial transmissionline 82and 
port 110, and fourth and fifth coaxial transmission lines 88 
and 90 are connected in parallel between second conductor 96 
of coaxial transmission line 82 and port 120. If the five coaxial 
transmission lines are all 50-ohm (R) lines, then the parallel 
combination of coaxial transmission lines 84 and 86 appears 
as a 25-ohm (R/2) impedance on first conductor 24 of coaxial 
transmission line 82, and the parallel combination of coaxial 
transmission lines 88 and 90 appears as a 25-ohm (R/2) 
impedance on second conductor 96. The result is that the two 
parallel combinations of coaxial transmission lines, each hav 
ing an impedance of 25 ohms (R/2), provide a series imped 
ance of 50 ohms (R/2+R/2) across the second ends of con 
ductors 94 and 96 of coaxial transmission line 82. Conducting 
a signal over plural lines spreads out loss that would other 
wise be dissipated by a single coaxial transmission line and 
allows for increased power to be carried by the combination 
of coaxial transmission lines. 

5 

10 

15 

25 

30 

35 

40 

45 

50 

55 

60 

65 

6 
In some examples, the transmission lines 84, 86, 88, and 90 

may have the shields or outer conductors connected together 
at both ends, and the shields of the transmission lines may all 
be connected together along their lengths. The shields may be 
connected to ground at either of the ends. In this example the 
ends associated with the divided ports, such as ports 110 and 
120, are connected to ground. In this example, the second and 
third outer conductors are connected along the lengths of the 
outer conductors and form what may be considered a single 
first combined outer conductor 128. Similarly, the fourth and 
fifth outer conductors are connected along the lengths of the 
outer conductors and form a single second combined outer 
conductor 130. The two combined outer conductor pairs are 
connected at both ends, and may also be connected along the 
full length of these four lines to form a single combined outer 
conductor 132, also referred to generally as a single combined 
conductor, for all four transmission lines. 

Loss for coaxial transmission lines at high frequencies may 
be dominated by skin effect, and the loss in the transmission 
line may be inversely related to its diameter. Thus for 
example, a transmission line X may dissipate 1% of the input 
power at a high frequency, say 250 MHz. Another transmis 
sion line Y that is half the diameter of X may dissipate 2% of 
the input power. When one connects four such Y coaxial 
transmission lines together as described above, the input 
power passes through four transmission lines, and dissipates 
2% of the input power, but the dissipation is spread over four 
transmission lines. Each then dissipates 0.5% of the input 
power, with a corresponding decrease in temperature rise to 
half that of the larger coaxial transmission line. Moreover, the 
four-wire transmission line may be much more flexible thana 
higher-power but larger diameter transmission line. The 
Smaller diameter transmission lines may be more readily 
wrapped around a ferrite or other core. Various other series 
and parallel combinations and different characteristic imped 
ances may be used for a given application of the power 
divider/combiner. 
From the above description, it will be appreciated that a 

combiner/divider may comprise a circuit ground and five 
transmission lines. The first transmission line may include a 
first conductor having a first end forming a first unbalanced 
signal port relative to the circuit ground, and a second con 
ductor inductively coupled to the first conductor, the second 
conductor having a first end connected to the circuit ground. 
The second transmission line may include a third conductor 
and a fourth conductor inductively coupled to the third con 
ductor, the third conductor having a first end connected to a 
second end of the first conductor and a second end forming a 
first balanced-signal port. The third transmission line may 
include a fifth conductor and a sixth conductor inductively 
coupled to the third conductor. The fifth conductor may have 
a first end connected to the second end of the first conductor 
and a second end connected to the first balanced-signal port. 
The fourth transmission line may have a seventh conductor 
and an eighth conductor inductively coupled to the seventh 
conductor. The seventh conductor may have a first end con 
nected to a second end of the second conductor and a second 
end forming a second balanced-signal port. The fifth trans 
mission line may have a ninth conductor and a tenth conduc 
tor inductively coupled to the ninth conductor. The ninth 
conductor may have a first end connected to the second end of 
the second conductor and a second end connected to the 
second balanced-signal port. 
The fourth, sixth, eighth, and tenth conductors may have 

respective first ends connected together. In this example, the 
respective second ends of the fourth, sixth, eighth, and tenth 
conductors are connected to ground. 
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A ferrite sleeve may surround the second, third, fourth, and 
fifth transmission lines. The fourth, sixth, eighth, and tenth 
conductors may be connected along their lengths forming a 
single combined conductor. 

In other examples, a two-way combiner/divider may com 
prise a circuit ground and five coaxial transmission lines. The 
first coaxial transmission line may include a first center con 
ductor having a first end forming a first unbalanced-signal 
port relative to the circuit ground, and a first outer conductor 
inductively coupled to the first center conductor. The first 
outer conductor may have a first end connected to the circuit 
ground. The second coaxial transmission line may include a 
second center conductor and a second outer conductor induc 
tively coupled to the second center conductor. The second 
center conductor may have a first end connected to a second 
end of the first center conductor and a second end forming a 
first balanced-signal port. The third coaxial transmission line 
may include a third center conductor and a third outer con 
ductor inductively coupled to the second center conductor. 
The third center conductor may have a first end connected to 
the second end of the first center conductor and a second end 
connected to the first balanced-signal port. The fourth coaxial 
transmission line may have a fourth center conductor and a 
fourth outer conductor inductively coupled to the fourth cen 
ter conductor. The fourth center conductor may have a first 
end connected to a second end of the first outer conductor and 
a second end forming a second balanced-signal port. The fifth 
coaxial transmission line may have a fifth center conductor 
and a fifth outer conductor inductively coupled to the fifth 
center conductor. The fifth center conductor may have a first 
end connected to the second end of the first outer conductor 
and a second end connected to the second balanced-signal 
port. 
The second, third, fourth, and fifth outer conductors may 

have respective first ends connected together and have respec 
tive second ends connected together and to circuit ground. 
A ferrite sleeve may surround the second, third, fourth, and 

fifth coaxial transmission lines. 
The second, third, fourth, and fifth outer conductors may be 

connected along their lengths forming a single combined 
outer conductor. 
The above description is intended to be illustrative, and not 

restrictive. Many other embodiments will be apparent to those 
of skill in the art upon reviewing the above description. The 
scope of the invention should, therefore, be determined with 
reference to any Subsequently appended claims, along with 
the full scope of equivalents to which such claims are entitled. 
Accordingly, while embodiments of baluns, couplers, and 
combiner/dividers have been particularly shown and 
described, many variations may be made therein. This disclo 
Sure may include one or more independent or interdependent 
inventions directed to various combinations of features, func 
tions, elements and/or properties, one or more of which may 
be defined in the claims. Other combinations and sub-com 
binations of features, functions, elements and/or properties 
may be claimed later in this or a related application. Such 
variations, whether they are directed to different combina 
tions or directed to the same combinations, whether different, 
broader, narrower or equal in Scope, are also regarded as 
included within the subject matter of the present disclosure. 
An appreciation of the availability or significance of claims 
not presently claimed may not be presently realized. Accord 
ingly, the foregoing embodiments are illustrative, and no 
single feature or element, or combination thereof, is essential 
to all possible combinations that may be claimed in this or a 
later application. Each claim defines an invention disclosed in 
the foregoing disclosure, but any one claim does not neces 
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8 
sarily encompass all features or combinations that may be 
claimed. Where the claims recite “a” or “a first element or 
the equivalent thereof. Such claims include one or more Such 
elements, neither requiring nor excluding two or more Such 
elements. Further, ordinal indicators, such as first, second or 
third, for identified elements are used to distinguish between 
the elements, and do not indicate a required or limited number 
of Such elements, and do not indicate a particular position or 
order of such elements unless otherwise specifically stated. 

INDUSTRIAL APPLICABILITY 

The methods and apparatus described in the present dis 
closure are applicable to telecommunications, signal process 
ing systems, and other applications in which radio-frequency 
devices and circuits are used. 

What is claimed is: 
1. A combiner/divider comprising: 
a circuit ground; 
a first transmission line including a first conductor having 

a first end forming a first unbalanced-signal port relative 
to the circuit ground, and a second conductor inductively 
coupled to the first conductor, the second conductor 
having a first end directly connected to the circuit 
ground; 

a second transmission line including a third conductor and 
a fourth conductor inductively coupled to the third con 
ductor, the third conductor having a first end directly 
connected to a second end of the first conductor and a 
second end forming a first balanced-signal port; 

a third transmission line including a fifth conductor and a 
sixth conductor inductively coupled to the fifth conduc 
tor, the fifth conductor having a first end directly con 
nected to the second end of the first conductor and a 
second end connected to the first balanced-signal port; 

a fourth transmission line having a seventh conductor and 
an eighth conductor inductively coupled to the seventh 
conductor, the seventh conductor having a first end 
directly connected to a second end of the second con 
ductor and a second end forming a second balanced 
signal port; and 

a fifth transmission line having a ninth conductor and a 
tenth conductor inductively coupled to the ninth conduc 
tor, the ninth conductor having a first end directly con 
nected to the second end of the second conductor and a 
second end directly connected to the second balanced 
signal port; 

the fourth, sixth, eighth, and tenth conductors having 
respective first ends directly connected together and 
respective second ends directly connected together. 

2. A combiner/divider according to claim 1, wherein either 
the respective first ends or the second respective ends of the 
fourth, sixth, eighth, and tenth conductors are directly con 
nected to circuit ground. 

3. A combiner/divider according to claim 2, wherein the 
respective second ends of the fourth, sixth, eighth, and tenth 
conductors are proximate the respective second ends of the 
third, fifth, seventh, and ninth conductors, and the respective 
second ends of the fourth, sixth, eighth, and tenth conductors 
are directly connected to circuit ground. 

4. A combiner/divider according to claim 1, further com 
prising a ferrite sleeve Surrounding the second and third trans 
mission lines. 

5. A combiner/divider according to claim 4, wherein the 
ferrite sleeve also surrounds the fourth and fifth transmission 
lines. 
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6. A combiner/divider according to claim 1, wherein the 
fourth and sixth conductors are connected along their lengths 
forming a single combined conductor. 

7. A combiner/divider according to claim 1, wherein the 
fourth, sixth, eighth, and tenth conductors are connected 
along their lengths forming a single combined conductor. 

8. A two-way combiner/divider comprising: 
a circuit ground; 
a first coaxial transmission line including a first center 

conductor having a first end forming a first unbalanced 
signal port relative to the circuit ground, and a first outer 
conductor inductively coupled to the first center conduc 
tor, the first outer conductor having a first end directly 
connected to the circuit ground; 

a second coaxial transmission line including a second cen 
ter conductor and a second outer conductor inductively 
coupled to the second center conductor, the second cen 
ter conductor having a first end directly connected to a 
second end of the first center conductor and a second end 
forming a first balanced-signal port; 

a third coaxial transmission line including a third center 
conductor and a third outer conductor inductively 
coupled to the third center conductor, the third center 
conductor having a first end directly connected to the 
second end of the first center conductor and a second end 
connected to the first balanced-signal port; 

a fourth coaxial transmission line having a fourth center 
conductor and a fourth outer conductor inductively 
coupled to the fourth center conductor, the fourth center 
conductor having a first end directly connected to a 
second end of the first outer conductor and a second end 
forming a second balanced-signal port; and 
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a fifth coaxial transmission line having a fifth center con 

ductor and a fifth outer conductor inductively coupled to 
the fifth center conductor, the fifth center conductor 
having a first end directly connected to the second end of 
the first outer conductor and a second end directly con 
nected to the second balanced-signal port; 

the second, third, fourth, and fifth outer conductors having 
respective first ends directly connected together and 
respective second ends directly connected together. 

9. A combiner/divider according to claim 8, wherein either 
the respective first ends or the second respective ends of the 
second, third, fourth, and fifth outer conductors are directly 
connected to circuit ground. 

10. A combiner/divider according to claim 9, wherein the 
respective second ends of the second, third, fourth, and fifth 
outer conductors are proximate the respective second ends of 
the second, third, fourth, and fifth center conductors, and the 
respective second ends of the second, third, fourth, and fifth 
outer conductors are directly connected to circuit ground. 

11. A combiner/divider according to claim 8, further com 
prising a ferrite sleeve Surrounding the second and third 
coaxial transmission lines. 

12. A combiner/divider according to claim 11, wherein the 
ferrite sleeve also surrounds the fourth and fifth coaxial trans 
mission lines. 

13. A combiner/divider according to claim 8, wherein the 
second and third outer conductors are connected along their 
lengths forming a single combined outer conductor. 

14. A combiner/divider according to claim 8, wherein the 
second, third, fourth, and fifth outer conductors are connected 
along their lengths forming a single combined outer conduc 
tOr. 


